Introduction: Little is known about functional limitations and health care resource utilization of people with cognitive impairment with no dementia (CIND). Methods: Respondents with stable or progressive cognitive impairment (CI) after the first (index) indication of CIND in 2000-2010 were identified from the Health and Retirement Study (HRS). Respondents never exhibiting CI were identified as potential controls. Propensity score-based optimal matching was used to adjust for differences in demographics and history of stroke. Differences between cohorts were assessed accounting for HRS survey design. Results: After matching, CIND respondents had more functional limitations (difficulty with 1 activities of daily living: 24% vs. 15%; 1 instrumental activities of daily living: 20% vs. 11%) and hospital stays (37% vs. 27%) than respondents with no CI (all P , .001). Seventy five percent of CIND respondents developed dementia in the observable follow-up (median time: w6 years). Discussion: Even before dementia onset, CI is associated with increased likelihood of functional limitations and greater health care resource use.
Introduction
In 2007, the Aging, Demographics, and Memory Study estimated that the prevalence of dementia in the United States among individuals aged 71 years and older was 13.9% [1] . Alzheimer disease (AD) is the most common cause of dementia and accounts for 60%-80% of all dementias in the United States, followed by vascular dementias that account for up to 20% of all dementia patients [2, 3] .
Several studies have documented the functional and economic burden associated with AD and related dementias. For example, in 2009, more than a third of the people with AD required some assistance with activities of daily living (ADL), such as dressing, bathing, and getting in and out of the bed [2] . The direct costs associated with AD and related dementias in the United States were estimated to be $226 billion in 2015. In addition, nearly $18 billion were attributable to costs associated with informal caregiving for people with AD and related dementias in 2014 [2] .
However, little is known about the implications of cognitive impairment without dementia-a cognitive status known to develop as many as 18 years before clinical AD diagnosis [4] and affect approximately 10%-20% of Americans aged 65 years and older [5] [6] [7] . Recent studies have found that the incidence and prevalence of cognitive impairment without dementia are higher than those for dementia [7, 8] . Prior research has also found that cognitive impairment with no dementia (CIND) is associated with substantial comorbidities and limitations in ADL and instrumental activities of daily living (IADL). For example, in the Cache County Study, Lyketsos et al. found that participants with CIND had substantially higher rates of comorbid conditions than those with normal cognition [9] . Using data from a nationally representative sample of participants aged 71 years and older, Gure et al. found that 45% of subjects with CIND had difficulty with 1 IADL compared to 13% of subjects with normal cognition [10] . In a similar study, Fisher et al. found that although respondents with CIND generally maintained their functional independence, their caregivers spent approximately 4 hours/day to help them with IADLs [11] .
These studies, however, are limited to respondents aged 65 years and older and may not represent the broader population with cognitive impairment, many of whom may be younger [2, 6] . In addition, to the best of our knowledge, no study to date has evaluated the health care resource use among respondents with CIND, as compared to similar respondents with normal cognition. Understanding the functional and economic implications of CIND, including in a younger population, is especially important given the refinement of diagnostic criteria for CI and earlier stage Alzheimer disease, and the emergence of new technologies that may facilitate earlier diagnosis of cognitive impairment and its causes [12] . In addition, new treatments in development are likely to target patients at earlier stages of disease. The objective of the present study was to compare differences in patient characteristics, functional limitations, and health care resource use between people with CIND and those with no cognitive impairment (no CI) using a nationally representative sample of the US population enrolled in the Health and Retirement Study (HRS). In addition, the study assessed the rates of progression to dementia among respondents with CIND, the time to progression, and the burden associated with development of dementia in the subgroup of CIND respondents who progressed within 2 years after incident CIND indication.
Methods

Data
The study used data from the RAND version M of the publicly available HRS survey data sets for respondents enrolled in the study. The survey design and questionnaires have been described previously [13] . Briefly, the HRS is a longitudinal household survey data set facilitating study of retirement and health among the noninstitutionalized population over age 50 years in the United States. The HRS includes rich demographic, clinical, economic, and healthrelated data. Of particular interest, the survey includes a detailed cognitive assessment, which has been used to study cognitive functioning among older Americans [5] . Certain HRS data elements which are not part of the integrated RAND HRS database (e.g., caregiver assistance) were accessed directly from the core HRS files and merged at the respondent level. In addition, respondent level weights, strata, and cluster information (provided by HRS) were used in all analyses described in the following Sections to account for the complex survey design.
Measures of cognitive assessment
For each survey wave with valid cognitive assessment data, a respondent's cognitive status was determined following the approach used by Langa et al. [14, 15] . Different stages of respondents' cognitive health were defined using the 27-point TICS scale for all selfrespondents (this scale includes: 10-word immediate and delayed recall tests of memory, serial 7s subtraction test, and the backwards counting test) and the 11-point composite scale for respondents requiring proxy informants (the composite scale includes: proxy's assessment of respondent's memory and limitations in five IADLs, and interviewer assessment of respondent's cognitive ability). Using the composite scores, respondent's cognitive status was classified as
No CI • Self-respondent-score of 12 or higher • Proxy respondent-score of 0 to 2 CIND • Self-respondent-score of 7 to 11 • Proxy respondent-score of 3 to 5 Dementia • Self-respondent-score 0 to 6 • Proxy respondent-score of 6 or higher
Study sample and time periods
Following the classification of cognitive functioning, the data were examined to identify respondents with earliest indications of CIND in 2000 or later. The first wave indicating CIND was considered as the index wave. To increase the likelihood of including respondents whose cognitive impairment is consistent with a progressive pattern due to an underlying neurodegenerative process such as AD, those with waves indicating an improvement in cognitive status (i.e., CIND followed by no impairment or dementia followed by CIND/no impairment) were excluded from the analyses. Respondents were required to have complete information regarding demographics and comorbidity profile, cognitive assessment, metrics of physical functioning, and resource use in the index wave as well as the waves immediately preceding and following the index wave.
Respondents with no evidence of cognitive impairment during the observable years of data were considered as potential controls. The index wave for the no CI cohort was selected at random, and respondents were required to have similar information as the CIND cohort in the index wave as well as the waves before and after the index wave.
For respondents with a gap in their cognitive assessment data following the first wave after index, it was assumed that the respondent maintained the same cognitive status as the previous wave. In addition, to account for the complex design of the HRS survey in the context of pooled longitudinal analyses, all respondents, independent of their cognitive status, were required to have positive sample weights in a common calendar wave that retained the largest possible sample for analyses (determined as wave 7, administered in 2004, based on findings from initial data exploration). Fig. 1 describes the sample selection and resulting patient counts.
Respondent characteristics, outcomes, and analytical approach
Demographic characteristics (i.e., age, gender, education, race, US census region, marital status), comorbidities (i.e., arthritis or rheumatism, cancer, chronic lung disease, diabetes, heart disease, hypertension, emotional, nervous, or psychiatric problems, history of stroke or transient ischemic attack [TIA]) diagnosed before the interview wave, and selfreported status of health and memory in the index wave were compared for respondents with CIND to those with no CI using regression analyses. Specifically, logistic regression models were used to compare the differences in categorical variables and ordinary least squares regressions for age and years of education. All models were estimated using SAS version 9.3 (SAS Institute, Inc., Cary, NC).
Three key outcomes were evaluated during the index wave for respondents with CIND and those with no CI: (1) functional limitations-defined as proportions of respondents with difficulty with ADLs and/or IADLs; overall and stratified by type of ADL/IADL; (2) metrics of caregiver burden-defined as proportions of respondents requiring assistance with ADLs and/or IADLs, and number of hours of assistance required; and (3) frequency of health care resource use-proportions of respondents with at least one hospital stay, nursing home stay, home health care, doctor visit, outpatient surgery, prescription medication use. In keeping with the survey design, all outcomes were assessed for the cumulative time period between the last interview and the present interview (w2 years).
Our analytical approach consisted of two parts: first, respondents with CIND were matched to comparator respondents with no CI, but similar demographic characteristics and comorbidity profile during the index wave using propensity score matching to account for potential confounding factors. Then the outcomes were compared between matched pairs of respondents with CIND and no CI. Fig. 1 . Sample selection and resulting patient counts. The HRS data include 36,986 unique respondents, of whom 1979 do not have valid cognitive assessment data. These respondents were excluded from the analysis. Additionally, for 2518 patients, the first observed indication of cognitive impairment was dementia rather than CIND; these respondents were also excluded from the analysis. Respondents in the CIND cohort were excluded if they had a wave indicating no CI at any point following the index wave. Respondents were weighted using person-level weights (provided by the HRS) from 2004. Respondents without a positive weight in 2004 were excluded from the analysis. Abbreviations: CI, cognitive impairment; CIND, cognitive impairment with no dementia.
Propensity scores were estimated using logistic regression models with group assignment as the dependent variable and the following characteristics as independent variables: age, gender, education, race, US census region, marital status, year of index wave, prior history of stroke/TIA. The two groups were then matched 1:1 using a propensity score-based optimal matching method [16, 17] . Specifically, each respondent with CIND was matched to a potential control whose propensity score differed from his own by a distance less than or equal to 0.25 of the standard deviation of the propensity score across all respondents. Following matching, respondent characteristics were compared using similar regression models accounting for the complex survey design as the unmatched analyses to ascertain whether statistical differences remained between the matched pairs.
Next, the key outcomes of interest were compared between matched pairs. Statistical significance of differences between comparator groups were evaluated using logistic regression models for categorical variables (estimated using SAS version 9.3), ordinary least squares model for number of caregiver hours (estimated using SAS version 9.3), and Poisson regression models for other continuous outcomes (estimated using STATA version 13, StataCorp LP, College Station, Texas). All models also accounted for correlation due to matched data.
Progression from CIND to dementia and subsequent functional burden
Among respondents with CIND, proportions of respondents progressing to dementia during the subsequent waves were described. In addition, the time to progression from CIND to dementia was assessed using Kaplan-Meier survival analyses. Respondents who did not transition to dementia after the index wave were censored at the last wave with valid cognitive assessment data. Furthermore, we characterized the additional burden imposed by the proximate onset of dementia by describing the functional limitations and health care resource use in the wave after the index wave (i.e., within 2 years of the index wave) for the CIND cohort stratified by whether they developed dementia in that subsequent wave.
Results
Sample characteristics
The analytic sample constituted of 503 HRS respondents with stable or progressive CIND between 2000 and 2010 (population weighted N 5 1,910,170) and 8170 HRS respondents with no CI (weighted N 5 40,346,544) ( Fig. 1) . Proxy respondents accounted for approximately 5% of the CIND cohort and 3% of the no CI cohort.
Before matching, respondents with CIND were significantly (P , .05) different from those with no CI, across nearly all metrics compared (Table 1) . On average, respondents with CIND were significantly older (72.3 vs. 61.8 years) and more likely to be female (67% vs. 59%) compared to those with no CI. Furthermore, CIND respondents had fewer years of education (11.6 vs. 13.8) and were less likely to be Caucasian (83% vs. 92%) or to be married or partnered (55% vs. 71%). In addition, higher proportions of respondents with CIND reported having at least one of the comorbid conditions evaluated. These differences were largely eliminated following propensity score matching. The only remaining significant differences were in the reported rates of diabetes and emotional, nervous, or psychiatric problems ( Table 1 ). The matched samples consisted of 494 matched pairs of respondents with CIND and no CI, reflecting approximately 98% of the CIND cohort.
With regards to the self-report of health and memory, significantly greater proportions of respondents with CIND reported being in fair or poor health status (39% vs. 15%) and having fair or poor memory (40% vs. 15%) before matching. In addition, significantly more respondents with CIND reported that their overall health and memory had worsened since the last interview. The proportions of respondents reporting that their health and memory stayed the same were significantly lower for those with CIND versus no CI. The results were qualitatively similar after matching, with the exception that the proportions of respondents reporting that their health stayed the same or worsened since the last interview were not statistically different across the matched cohorts (Table 1) .
Functional impairment and caregiver burden after matching
Despite having similar demographic characteristics and comorbidity profiles, significantly (P , .05) more respondents with CIND reported having difficulty with ADLs (24% vs. 15%) and IADLs (20% vs. 11%) than matched respondents with no CI ( Table 2 ). The findings were similar for all individual ADLs and all but one IADL: the proportions of respondents reporting difficulty with shopping for groceries were not significantly different across the matched cohorts (Table 2) .
Relatedly, respondents with CIND were also significantly more likely to report requiring caregiver assistance with at least one ADL (8% vs. 3%) and IADL (11% vs. 6%) in the index wave, compared to their matched counterparts. On average, caregivers of respondents with CIND spent 17.5 hours per month providing assistance with ADLs and IADLs compared with 6.3 hours for those with no CI (P 5 .051) ( Table 2 ).
Differences in frequency of medical services used
Respondents with CIND had significantly (P , .05) higher rates of hospital stays (37% vs. 27%) but significantly lower rates of outpatient surgeries (15% vs. 20%) and dental visits (51% vs. 62%) than matched respondents with no CI. In addition, compared to matched respondents with no CI, CIND respondents appeared more likely to have nursing home stays (5% vs. 3%, P 5 .099) and home health care use (10% vs. 7%, P 5 .080), although the differences were not statistically significant (Fig. 2) . Abbreviations: CI, cognitive impairment; CIND, cognitive impairment with no dementia; SD, standard deviation. *The index wave for respondents with CIND was defined as the wave with first indication of CIND. The index wave for respondents with no CI was selected at random from all eligible waves. y Respondents with CIND were matched 1:1 to those with no CI using propensity score-based optimal matching techniques. Propensity scores were calculated using logistic regression models that estimated the probability of having CIND as a function of age, gender, race, region, years of education, marital status, year of index wave, and presence of stroke/TIA. z P-values were calculated using regression models to account for complex survey design elements and, for the matched samples, correlation between matched pairs. For categorical variables, logistic models were used. For age and years of education, linear models with a normal distribution were used.
x Metrics associated with memory were assessed for 96% of CIND and 99% of no CI respondents with valid data before matching, and 96% of CIND and 98% of no CI respondents with valid data after matching.
Progression to dementia
Approximately 17% of respondents with CIND were classified as having dementia within one wave of followup, and, accounting for censoring, 75% progressed to dementia during the observable follow-up period (Fig. 3) . Median time to progression from the index wave to dementia was 3 interview waves (i.e., within approximately 6 years).
CIND respondents who did and did not progress to dementia within one wave of follow-up had similar cognitive assessment scores during the index wave: for self-respondents (mean 6 SD): 9.3 6 0.1 versus 9.6 6 0.1 (P 5 .051); proxy respondents: 3.7 6 0.0 versus 3.6 6 0.0 (P 5 .114). In addition, the proportions of respondents reporting difficulty with at least one ADL or IADL were similar across the two cohorts. The health care resource use parameters were higher for those progressing to dementia, although only differences in rates of nursing home stays were statistically significant at P , .05 (Table 3 ). In the subsequent wave, however, the proportions of respondents reporting difficulty with ADLs and IADLs were 1.7 times and 2.3 times higher, respectively, among those with dementia compared to those with CIND. In addition, although the rates of health care resource use increased for both cohorts (relative to the index wave), the change was much more notable among CIND respondents with dementia. In particular, among those with dementia, the proportions of CIND respondents with nursing home stays increased from 9% in the index wave to 23% in the subsequent wave and the proportions with home health care increased from 16% to 26%. By comparison, 7% of the CIND respondents with no dementia in the subsequent wave reported nursing home stays (up from 4% in the index wave) and 11% reported home health care use (9% in the index wave) during the same time period.
Discussion
Not surprisingly, in a representative sample of Americans over age 50 years, respondents with CIND are substantially older, on average, than those with no CI. They also have fewer years of education and are more likely to have comorbidities than respondents with no CI. Accounting for demographic differences (largely age) and history of stroke (a potential confounding factor for cognitive and functional issues) through matching eliminated most differences. However, CIND respondents continued to have significantly higher rates of diabetes and emotional, nervous, and psychiatric problems than those with no CI-a finding consistent with prior research [9, 18] . For example, Okura et al.
reported that approximately 43% of people with CIND had at least one neuropsychiatric symptom compared with 18% of people with normal cognition [18] .
A key finding of this study is that even before the development of cognitive impairment consistent with dementia, presence of CIND is associated with considerable burden on a number of fronts. First, we find that people with incident CIND are more likely to report having worse overall health status as well as memory compared to demographically similar respondents with no CI, suggesting that respondents with CIND may have been experiencing declines in their cognitive abilities before they were determined to meet the criteria for CIND. These findings also suggest that although people with CIND have impaired cognition, they generally remain aware of their overall health status and memory issues at this stage. This is consistent with observations in a Abbreviations: ADL, activity of daily living; IADL, instrumental activity of daily living; CI, cognitive impairment; CIND, cognitive impairment no dementia; SD, standard deviation.
*The index wave for respondents with CIND was defined as the wave with first indication of CIND. The index wave for respondents with no CI was selected at random from all eligible waves. y Respondents with CIND were matched 1:1 to those with no CI using propensity score-based optimal matching techniques. Propensity scores were calculated using logistic regression models that estimated the probability of having CIND as a function of age, gender, race, region, years of education, marital status, year of index wave, and presence of stroke/TIA. z P-values were calculated using regression models to account for complex survey design elements and, for the matched samples, correlation between matched pairs. For categorical variables, logistic models were used. For hours of caregiver assistance required, linear models with a normal distribution were used and Poisson models were used for numbers of ADLs/ IADLs performed with difficulty.
x Metrics associated with requiring caregiver assistance were assessed among 97.6% and 99.2% of the CIND no CI cohorts with valid data after matching.
recent study by Wilson et al., where the researchers found that patients typically begin losing insight about their cognitive status only about 2-3 years before development of dementia [19] . Second, similar to the findings reported by Fisher et al., we find that compared with their matched counterparts with no CI, respondents with CIND were Fig. 2 . Difference in health care resource use among matched CIND and no CI cohorts-during the index wave. *P , .05; yP , .1. Relative difference in rates was calculated by dividing the difference between proportions of CIND respondents with a given health care resource use and corresponding proportions among matched no CI respondents by corresponding proportions among matched no CI respondents. Respondents with CIND were matched 1:1 to those with no CI using propensity score-based optimal matching techniques. Propensity scores were calculated using logistic regression models that estimated the probability of having CIND as a function of age, gender, race, region, years of education, marital status, year of index wave, and presence of stroke/TIA. P-values were calculated using logistic regression models to account for complex survey design elements and correlation between matched pairs. Abbreviations: CI, cognitive impairment; CIND, cognitive impairment with no dementia. Fig. 3 . Kaplan-Meier analyses of progression from CIND to dementia. The index wave for respondents with CIND was defined as the wave with first indication of CIND. For respondents with gaps in cognitive assessment data, the last observed cognitive status was carried forward. Respondents who did not transition to dementia after the index wave were right-censored at the last wave with valid cognitive assessment data. Respondents were weighted using person-level weights (provided by the HRS) from 2004. Respondents without a positive weight in 2004 were excluded from the analysis. Abbreviations: CIND, cognitive impairment no dementia; HRS, Health and Retirement Study. significantly more likely to report having difficulty with at least one ADL and IADL and were more likely to require caregiver assistance with performing at least one ADL and IADL [11] . Third, relative to those with no CI, significantly more respondents with CIND reported having hospital stays in the 2 years before CIND development, while reporting reduced utilization of largely elective services such as dental care and outpatient care. Although additional research is required to understand the exact mechanisms behind these results, taken together, these three findings highlight the burden associated with CI even at this earlier stage. This, in turn, suggests that there could be substantial benefits from earlier diagnosis and treatment of cognitive impairment.
Our research provides additional insight into the burden imposed by worsening cognitive status over time. Specifically, we find that half of all CIND respondents progress to dementia within 6 years of initial CIND indication-a finding consistent with prior epidemiologic research [20] . In addition, respondents with CIND who developed dementia within 2 years of the index CIND indication (w17% of all CIND respondents) had considerably higher functional impairment as well as health care resource use at the time of initial survey wave indicating dementia than those who maintained a stable cognitive status. Similar findings regarding levels of functional impairment among CIND and dementia patients were reported by Lykestsos et al., Gure et al., . These findings suggest that in addition to earlier detection of cognitive impairment and better care management, interventions designed to help slow the progression of the disease (i.e., delay the onset of dementia) may maintain patients' subjective impression of overall health status as well as reduce the burden imposed on caregivers and the health care system.
Study limitations
First, the analyses relied on information captured within the publicly available version of the HRS, which does not permit linkage to Medicare claims data. As a result, the analyses of respondent characteristics and outcomes of interest were derived only from self-reported data and may not accurately represent diagnoses or resource use. Second, the cognitive status for respondents was determined based on responses to survey instruments and did not include Abbreviations: ADL, activity of daily living; IADL, instrumental activity of daily living; SD, standard deviation. *The index wave for respondents with CIND was defined as the wave with first indication of CIND. The index wave for respondents with no CI was selected at random from all eligible waves. y P-values were calculated using regression models to account for complex survey design elements. For categorical variables, logistic models were used. Poisson models were used for numbers of ADLs/IADLs performed with difficulty. measures to facilitate clinical diagnosis such as mild cognitive impairment, which is more commonly used in clinical practice to describe predementia stages. Therefore, further research is needed to establish more clearly how functional abilities as well as the disease itself progress over time in patients with specific underlying dementia etiologies (e.g., Alzheimer's disease). Third, the survey implements a complex design to facilitate generalizability to the noninstitutionalized population aged 50 years and older in the United States. However, given the longitudinal pooled nature of the present study, implementation of weighting and associated elements is not straightforward, and study results, in terms of generalizability, should be interpreted with caution. In addition, while the propensity score matching accounted for confounding due to observable baseline differences, effects of unmeasured heterogeneity on the study outcomes remain unknown. Fourth, the functional and resource use implications of CIND were assessed relative to respondents with no cognitive impairment at any time during the observation period, possibly resulting in a healthier than average comparison cohort. Finally, time to progression to dementia could only be measured at 2-year intervals due to the HRS study design. However, CIND respondents may have progressed to dementia at any time during the 2-year intervals between interview waves.
Conclusions
The study finds that even before dementia onset, cognitive impairment is associated with substantially increased likelihood of functional limitations, caregiver burden, and greater health care resource use compared to controls with no CI, suggesting that presence of CIND is associated with considerable economic and societal burden. The burden increases substantially immediately after the development of dementia, highlighting the need for interventions to improve the prognosis among people with CIND.
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RESEARCH IN CONTEXT
Systematic review: A review of recent literature sug-
gests that cognitive impairment with no dementia (CIND) is associated with substantial comorbidities and limitations in activities of daily living and instrumental activities of daily living. These studies, however, are limited to people aged 65 years and may not represent the broader population with cognitive impairment, many of whom may be younger.
Interpretation:
We find that even before dementia onset, cognitive impairment is associated with substantially increased likelihood of functional limitations, caregiver burden, and greater health care resource use compared to controls with no cognitive impairment. The burden increases substantially immediately after the development of dementia, highlighting the need for interventions to improve the prognosis among people with CIND.
3. Future directions: Future research should explore the specific reasons contributing to the increased burden associated with CIND and assess the implications of timely diagnosis and treatment among people with CIND.
